Background: Given that peginterferon-ribavirin treatment is poorly tolerated, there is interest in the identification of predictors of response, particularly in HIV/hepatitis C virus (HCV)-coinfected patients that respond less than HCV-monoinfected individuals. A single nucleotide polymorphism (SNP) near the IL28B gene (rs12979860) has been shown to predict treatment response in HCV-monoinfected patients carrying genotype 1. Information is lacking for HIV/HCV-coinfected individuals and/or other HCV genotypes.
Introduction
Hepatitis C virus (HCV) infects more than 175 million people worldwide [1] . In western countries, HCV is the leading cause of end-stage liver disease and hepatocellular carcinoma, as well as the main indication for liver transplantation [1] . HCV and HIV-1 share routes of transmission and establish chronic infections; therefore, coinfection is relatively common (15-40%) [2] . The course of HCV-related liver disease is accelerated in dually infected individuals [3, 4] , and thereby HCV has emerged as an important cause of morbidity and mortality in persons infected with HIV-1 [5] , especially because successful antiretroviral therapy has dramatically reduced the rate of opportunistic illnesses. Current therapy for chronic hepatitis C is based on a combination of peginterferona (pegIFN) and ribavirin (RBV) given for 6-18 months, depending on early viral kinetics and genotype [6] . Unfortunately, the medications are poorly tolerated and result in low response rates, with only half of patients achieving HCV clearance [6] . This figure is lower in HIV/ HCV-coinfected patients [2] . Thus, identification of predictors of treatment success is desirable in order to select the best candidates for current therapy. Among others, infection due to HCV genotypes 2 or 3, low serum HCV-RNA, null or minimal liver fibrosis and younger age are the best predictors of response to therapy [7] .
Three independent genome-wide association studies have recently identified several single nucleotide polymorphisms (SNPs) around the IL28B gene (coding for IFN-l-3) that are strongly associated with treatment outcomes in HCV-monoinfected individuals [8] [9] [10] . A role for IL28B genetic variation in spontaneous HCV clearance has been subsequently established [11, 12] . The SNP with the strongest association, rs12979860, is located on chromosome 19q13, 3 kb upstream of the IL28B gene. The rs12979860 CC genotype is associated with a more than two-fold greater rate of sustained virological response (SVR) than the CTor TT genotypes in different HCV genotype 1 patients of different ethnicities [8] . However, information about the impact of this SNP on treatment outcomes in HIV/HCVcoinfected patients has not been examined yet, and similarly its effect on HCV genotypes other than 1 has only been explored in one study conducted in HCVmonoinfected individuals [11] . Herein, we investigate the role of the rs12979860 SNP in a well characterized cohort of HIV/HCV-coinfected individuals carrying distinct HCV genotypes that were treated with pegIFN-RBV.
Participants and methods

Study population
Patients were recruited at Hospital Carlos III, a reference HIV clinic located in Madrid, Spain. From an initial cohort of 650 HIV/HCV-coinfected patients with regular follow-up, whose characteristics have already been described elsewhere [13] , we selected 198 individuals who had completed a course of therapy with pegIFN-RBVand had validated outcomes. Only patients who were IFN-naive were included in this analysis. Patients with hepatitis B virus (HBV) coinfection were excluded.
A second group of HIV-infected individuals with evidence of spontaneous HCV clearance was also identified and invited to participate in the study. They were IFN treatment-naive individuals with reactive HCV antibodies in the absence of detectable serum HCV-RNA at least 1 year after the first documented reactive HCV serology.
Treatment regimens included pegIFN alpha 2a or 2b at standard doses (180 mg per week or 1.5 mg/kg per week, respectively) plus weight-adjusted RBV (1000 mg/day for patients weighting <75 kg and 1200 mg/day for patients weighting >75 kg). Following international guidelines [2] , patients with HCV genotypes 1 or 4 received either 48 or 72 weeks of treatment and patients with HCV genotype 3 received 24 or 48 weeks of treatment, according to virological response at week 4. Early stopping rules were applied for patients with suboptimal virological response at weeks 12 and 24 [2] . Finally, SVR was defined as undetectable serum HCV-RNA 24 weeks after the end of treatment; otherwise patients were considered as relapsers [14] and were excluded from the SVR group. For the purpose of this study, relapsers were considered along with nonresponders, who were patients experiencing suboptimal virological response during the treatment period, and accordingly did not complete the planned duration of therapy. Patients with poor drug compliance and/or who discontinued therapy due to side-effects were excluded from the nonresponder group.
To participate in the study, written informed consent for genetic testing including IL28B polymorphisms and other potential markers was obtained from all individuals, and the study protocol was evaluated and approved by the hospital ethics committee. Both plasma and peripheral blood mononuclear cells (PBMCs) were stored for all patients.
Hepatitis C virus viremia and genotyping
Plasma HCV-RNA was measured using a real-time PCR assay (COBAS TaqMan, Roche, Barcelona, Spain), which has a lower limit of detection of 10 IU/ml. HCV genotyping was performed using a commercial real-time PCR hybridization assay (Versant HCV Genotype v2.0 LiPA; Siemens, Barcelona, Spain), which maximally reduces the chances of HCV genotype misclassification [15] . Plasma HIV-RNA was measured using Versant HIV-1 RNA v3.0 (Siemens), which has a lower limit of detection of 50 copies/ml.
Liver fibrosis staging
The extent of liver fibrosis was measured using transient elastography by FibroScan (Echosens, Paris, France). Details about this noninvasive method, the examination procedure and correlation of liver fibrosis estimates with liver biopsy have been reported elsewhere [16, 17] . The median value of all tests per patient is expressed in kiloPascal (kPa) units. Advanced liver fibrosis (severe fibrosis or cirrhosis, corresponding to METAVIR scores F3 and F4) was defined for liver stiffness values 9.5 kPa or higher, according to previous reports from both HCV-monoinfected and HIV/HCV-coinfected patients [18, 19] .
rs12979860 single nucleotide polymorphism genotyping Genotyping was performed by the Duke Institute for Genome Sciences and Policy. Genotyping was conducted in a blinded fashion on DNA specimens collected from each individual, using the 5 0 nuclease assay with allelespecific TaqMan probes (ABI TaqMan allelic discrimination kit and the ABI7900HT Sequence Detection System (Applied Biosystems, Carlsbad, California, USA) [20] . Genotyping calls were manually inspected and verified prior to release.
Statistical analyses
The main characteristics of the study population and the different parameters evaluated are expressed as median (interquartile range). Comparisons between groups were carried out using nonparametric analysis of variance (ANOVA). Associations between different qualitative parameters were explored using x 2 -test or Fishers's exact test, as appropriate. Univariable (x 2 -test) and multivariable (logistic regression) analyses were used to determine predictors of treatment outcome. All statistical analyses were performed using the SPSS software version 13 (SPSS Inc., Chicago, Illinois, USA). All P values were two-tailed and were considered as significant only when lower than 0.05.
Results
Study population
Of the 198 HIV/HCV-coinfected patients treated for hepatitis C who met the study entry criteria, 34 did not have adequate stored human cell DNA material to be included in the genetic analysis or refused to provide genetic testing consent. Therefore, the final study population consisted of 164 HIV/HCV-coinfected patients who completed a full course of HCV therapy. From the second group of individuals who cleared HCV spontaneously, 24 could be enrolled in the study. Table 1 summarizes the main characteristics of the HIV/ HCV-coinfected study population. Of note, all patients were of European ancestry and no Asians or Africans were present in this group. Up to 83% reported prior intravenous drug use as the primary route of transmission. The median CD4 count was 468 (345-647) cells/ml, with 73% of patients on antiretroviral therapy and with undetectable plasma HIV-RNA. In untreated HIV-infected individuals, median plasma HIV-RNA was 3.0 (2.1-3.7) log copies/ml and CD4 cell count was 456 (350-616) cells/ml. HCV genotype distribution was as follows: HCV-1 58%, HCV-3 31% and HCV-4 11%. Most patients (74%) had no evidence of advanced liver fibrosis.
The overall SVR rate in patients completing the planned duration of therapy was 55% (90/164). Patients with SVR and nonresponders were comparable in terms of age, CD4 cell counts and plasma HIV-RNA. However, these two groups differed in pretreatment serum HCV-RNA, liver fibrosis stage and HCV genotype distribution (Table  1 ). There were no significant differences according to HCV genotype in terms of HCV-RNA level, CD4 cell counts, age, liver fibrosis stage and proportion of patients with suppressed HIV viremia.
The main demographics of the group of 24 HIV-infected individuals who had cleared HCV spontaneously did not differ significantly from the group with HIV/HCV coinfection who had been treated with pegIFN-RBV.
IL28B SNP and response to HCV therapy in HIV Ralló n et al. F25 Prevalence of rs12979860 genotypes in the study population All 188 patients were genotyped for the rs12979860 allele. Table 2 summarizes the distribution of polymorphisms according to HCV genotype and treatment response in the HIV/HCV-coinfected population. The population was in Hardy-Weinberg equilibrium (P ¼ 0.77) and the C allele frequency was 68%. The prevalence of the distinct rs12979860 genotypes was as follows: CC 46%, CT 44% and TT 10%. Overall, CC, CT and TT carriers were comparable in terms of age, CD4 cell count, serum HCV-RNA, liver fibrosis stage and plasma HIV-RNA (data not shown). However, the proportion of patients infected with HCV genotype 3 was significantly higher in CC than in CT and TT carriers, whereas HCV genotypes 1 and 4 were more prevalent in TT and CT than in CC carriers ( Table 2 ). The frequency of the rs12979860 CC genotype in patients with spontaneous HCV clearance was significantly higher than in chronically HIV/HCV-coinfected patients (75 vs. 46%, respectively; P ¼ 0.007). In contrast with HCV genotypes 1 and 4, the frequency of the CC genotype did not differ significantly in patients chronically infected with HCV genotype 3 compared with those with spontaneous HCV clearance: 35 of 51 (69%) vs. 18 of 24 (75%), respectively.
Treatment response according to rs12979860 genotype
In this cohort, the SVR rate was significantly higher in patients with the CC genotype than in those with CT or TT genotype (75, 37 and 44%, respectively, P < 0.0001), with no significant differences between CT and TT genotypes, which is consistent with previous descriptions in HCV monoinfection [8] . For this reason, the recessive model (CC vs. CT/TT genotypes) instead of the additive model (CC, CT, TT) was used in subsequent analyses.
The SVR rate was higher in patients with CC genotypes than in those with CT/TT genotypes across all HCV genotypes. However, it was highly significant for HCV genotype 1 (65 vs. 30%; P ¼ 0.001) and almost reached statistical significance for HCV genotype 4 (67 vs. 25%; P ¼ 0.087), despite the limited number of patients examined who were infected with this genotype. In contrast, differences were negligible in HCV genotype 3 infected persons (86 vs. 81%; P ¼ 0.684) ( Fig. 1 ).
Multivariable analysis
Given that several variables (age, sex, serum HCV-RNA, presence of detectable HIV-RNA, HCV genotype and extent of liver fibrosis) have previously been reported to influence HCV treatment outcomes, we completed univariable analyses (odds ratio; 95% confidence interval; P value) to assess the association of each of these factors with SVR in our HIV/HCV-coinfected population. In addition to the IL28B CC genotype (4. In the multivariable logistic regression analysis, we included those predictor variables, along with the rs12979860 genotype, as independent variables of treatment outcome. As shown in Fig. 2, the The joint contribution of the four variables identified as independent predictors of HCV treatment outcome was further examined. Patients were stratified according to the number of protective factors (rs12979860 CC genotype, HCV genotype 3, baseline serum HCV-RNA <600 000 IU/ml and liver fibrosis stage F0-F2). SVR rate in patients presenting with less than two protective factors was very low, whereas this rate significantly increased in patients having two or more factors. This profile was reproduced when considering exclusively the subset of patients infected with HCV genotypes 1 and 4 (SVR rates were 12, 22, 68 and 100% for patients with 0, 1, 2 and 3 factors, respectively; P < 0.0001). However, in patients infected with HCV genotype 3, the SVR was 50%, even in the absence of any other protective factors, and increased to more than 80% once one or more further factors were present (Table 3 ).
Discussion
This is the first study to report a strong influence of the rs12979860 SNP located near the IL28B gene on response to pegIFN-RBV in HIV/HCV-coinfected patients. Overall, patients with the CC genotype had a 3.7-fold greater chance of achieving SVR than CTor TT carriers. This observation is in line with results recently obtained in HCV-monoinfected individuals carrying HCV genotype 1 [8] . Although, the overall impact of the CC genotype compared with other predictors of hepatitis C treatment response was attenuated in this HIV coinfected cohort. Other studies of this SNP found that it was the strongest predictor of SVR, more so than serum HCV-RNA less than 600 000 IU/ml or lack of advanced liver fibrosis [8] . This may be due to the overall lower SVR rates and higher HCV-RNA levels seen in HIVinfected individuals compared with HCV-monoinfected patients.
The improved SVR noted for carriers of the CC genotype infected with HCV genotypes 1 and 4 in our study did not translate to HCV genotype 3. Although the prevalence of the CC genotype and the SVR rate was higher in HCV genotype 3 carriers (69 and 84%, respectively), the CC genotype did not correlate with improved SVR in these patients. These differences suggest that the beneficial effect of the CC genotype on HCV treatment outcomes is mainly recognized in patients with difficult-to-treat HCV genotypes 1 and 4. This finding confirms that of Rauch et al. [11] , who found no association of polymorphisms near the IL-28B gene with SVR in HCV-monoinfected patients carrying HCV genotypes 2 and 3. The logistic regression model showed that the association of the CC genotype with SVR was independent of other well known predictors of SVR, such as low baseline serum HCV-RNA, HCV genotype 3 and lack of advanced liver fibrosis. In the study by Ge et al. [8] , patients with the CC genotype had lower serum HCV-RNA, considering viremia as a continuous variable. However, this relationship was not significant when stratifying patients with HCV-RNA below or above 600 000 IU/ml. Likewise, we did not find any significant association between the CC genotype and serum HCV-RNA levels.
In our cohort of Spaniards who completed a course of pegIFN-RBV therapy, the overall CC genotype frequency was 46%, which is higher than that reported in North American whites (39%) [8] . It has long been recognized that treatment response rates in European HCV cohorts are generally better than in US cohorts; a higher frequency of patients with the good response CC genotype may be one of the explanations for this IL28B SNP and response to HCV therapy in HIV Ralló n et al. phenomenon. It was also notable that a higher prevalence of the CC genotype was present in patients who spontaneously had cleared HCV infection compared with chronically infected patients, consistent with the recognition in HIV-negative individuals that spontaneous HCV clearance is more frequent in CC than in CT/TT carriers [12] . However, this effect was not recognized for HCV genotype 3 and was driven by the protective effect of the CC genotype on chronification of HCV genotypes 1 and 4. It should be noted that our coinfected population was mainly represented by former intravenous drug users and most likely had been exposed to HCV before being infected with HIV; thus, any potential influence of HIV on the rate of HCV persistence could not be assessed.
Altogether these findings support a pivotal role of the CC genotype in the control of HCV replication in different scenarios, most likely mediated through innate immune responses. IL28B belongs to the IFN-l family and interacts with its receptor to induce antiviral responses [21] , including those against HCV [22] . Polymorphisms near the IL28B gene could affect the expression of IL28, thus influencing the response to pegIFN-RBV [10] . However, the precise mechanism of its effect remains unclear and further in-vitro and in-vivo studies are required to answer this question.
Beyond the relevance for the investigation of new therapeutic strategies against HCV, including IFN-l, our findings suggest that IL28B genotyping may play a critical role in the clinical management of HIV/HCV-coinfected patients carrying HCV genotypes 1 and 4, the most difficult-to-treat population. In fact, consideration of the IL28B genotype along with other predictors of treatment outcome might help to make better treatment decisions regarding who should be treated with pegIFN-RBV. Treatment should be encouraged in patients with a high chance of success, such as those with two to four good predictors of SVR, whereas in the remaining patients with a very poor chance of SVR, advice to wait for new antivirals against HCV might be more appropriate, considering the frequent side-effects of the current medication while little hope for gain.
In summary, our results are the first providing important therapeutic information about the impact of IL28B variants on hepatitis C treatment outcomes in HIV/ HCV-coinfected patients carrying distinct HCV genotypes. We demonstrate a significant influence of the rs12979860 SNP located near the IL28B gene on SVR in patients infected with HCV genotypes 1 and 4. The recognition that the CC genotype seems to favor spontaneous HCV clearance and enhance virus elimination following interferon-based therapy is of much interest. Of note, these effects were not seen for HCV genotype 3. Altogether, our findings support the fact that IL28B genotyping should be part of the treatment decision algorithm in this difficult-to-treat population.
